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Compmisonofthelift+urveslopesoftableI withthose
determinedfromfigure6 showsthata discrepancyexistsbetween
them. ThevsluesgivenintableI arethecorrectwlues to use
ingustloadanalysis.Throughenerrortheliftcurves~orthe
completemodelswereincludedinsteadofthoseforthemodelwithtail
off,whichgust-tunneltestshaveshowntobe applicableto gust
loaddetermination.tiysis ofotherdatashowsthatthevalues
givenintableI arethebestestimateoftheslopsoftheliftcurve
ofthewingsthatcanbemadeatthistime. It i.sthereforesuggested
thatfigure6 be disregarded.
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‘~CHNICALNOTENO.1528 lll[lql~iy2gu!!~~
TESTSOFA 45° SWEPTBACK+?INGMCIDEL

INTEEIANGLEYGUSTTUNKEL

~ HaroldB. Pierce

ST.RMRY

A seriesof testsofa k~” sweptback-wingmcdelwithandwithout
fuselageandofan equivalent8traigh&wingmodelwereconductedinthe
Langleygusttunneltoprovideinformationon someoftheproblems
encounteredinthepredictionofgustloadsforairplanesincorporating
sweptwings.A comparisonoftestresultswithcalculatedresults
indicatedthatthemexf!mamaccelerationincrementresultingfromthe
penetrationofa gustby a sweptback-wingairplanemaybe assumedto be
dependenton theslopeoftheliftcurveoftheequivalentstraightwing
Umltinliedby thecosineoftheengleofsweep,ratherthanonthesteady-
flowslopeof theliftcurve.Inaddition,itappeeredthatthe~imum
accelerationIncrementalsodepndson theeffectontheunsteady-lift.
functionof thegradualpenetrationofthesweptbackwingintothegust.
A comparisonof themaximumacceleration{ncrementsobtainedforthe

. swept+wingmcxielwiththoseobtainedforthestraight-wingmodelIndicated
that,althoughtheairplanewitha sweptwingwouldshuwpositivepitching
motion,itwouldundergoa muchloweraccelerationIncrementthanthesame
alr_@anewiththeequivalentstraightwing.

-—

IN’rRmucTmN

Oneoftheproblemsassociatedwithimprovinghig&speedflightby
theuseofwingswithI.srgeanglesof sweepisthepredictionofgust
loadfactors.Someoftheelementstobe consideredinthecalculation
ofgustloadsforthesewingcanfigurati(msinclude~(a)theprediction
ofa slopeofthewi~lift curve,(b)thedeterminationoftheeffects
of thegraduelpenetrationofa sweptwingintoa gust,and(c)the
possibleincreaseinfuselage-interferenceeffectssuchasdescribedin
reference1. Otherelementstobe consideredaretheeffectsofc-.
pressibflityandofwingflexibility.Theproblemscitedconcerningthe
slopeofthewl~lift curve,thepenetrationeffect,ti-thefusela.ge-

. interferenceeffectdependprimarilyonthewingconfigurationaloneand
areimportantInsettingthemagnitudesofthegustloadfactorsforswept
wingsrelativetothosefortheconventionalstraighbwingairplaneon
whichmuchinformationistieadyavailable.W theotherhand,the —
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problemsresultingfromcompressibilityarecommontoallwingconfigu-
rations,whereastheproblemresultingfromwingflexibilitythatis
peculiextotheswept-wingconfiguration, namely,wingtwistdueto
bending,dependstoa greatextentonthestructuralpropertiesofthe
Individualdeeign.

M a start~ngpoint,analyticalstudiestogetherwithsuitableteats
weremade~ntheLangleygusttunnelInordertoprovideinformation
pertinentto theseproblemsexclusiveofccxnpressibilityandflexibility
effects.Thispaperpresentstheresultsofgus+tunneltestsofa model
havinga rigidwingwiththehalf+hordlinesweptback45°andthe
resultsoftestsofanequivalentmcdelhaving@ sweep.Thetestresults
arecomparedwiththeresultsofanalyticalstudies,endEms Jnfcrmation
onthedetermina.tlonofa wi~lift-curveslopeandontheentry-
interferenceandfuselag+interferenceeffectsis obtained.

APPARATUS

Photographsoftheskeletonmodelsusedinthetestsareshownas
figures1 and2,andpi-view linedrawingsareshownas figures3 and4.
A removablefuselagewaaprovidedforthesweptback-wingmodel(f~g.5
anddashedlinesin fig.3) so that testisto determinetheeffectsof
f%selageinterferencecouldbemadewfththesamemcdel.Thecharacte~
isticsofthemodelsandthetestconditions=e llstedInta%leI. In
ordertoprovidespaceforbatteriessmdtheaccelercuaeterinthewings
of.themodels,thecentersectionshadsmoothbulgeswhichprojectedfrom
thetopendbottomsurfacesandwhichaboutdoubledthewingthicknesses.

Thewing of thestraigh%-wtngmcdel(fig.4) had0°sweepofthe
stra@htlinethroughthehalf-chordpointsandan3VACA0012airfoil
sectionperpendiculartothisline.Thetingoftheswep~ingmcdel
waBderivedham thatofthestraight-wingmodel,arfromtheequivalent
straightwingas Itwillbe here-ter @~sU byrotat~n%the$traWt
wingaboutthehal%zhordpointattheplaneofsymetrysothatthe
constantlengthhalf-chordMne movedbackthroughanangleof45°. ‘I’he
wingtipwasmodifiedto theformindicatedinfigure3.

ForcetestsweremadeintheLsngleyfreeflighttunnelofthe.
equivalentstraight-wingmodelandofthesweptback-wingmodelwithout
fuselage,andtheresultsareshuwninfigure6. Theslopesofthelift
curvesofthemodelsasdeterminedby thesetestsareincludedintableI.

ThepresentLangleygusttunnelisthesameinprincipleas thegust
tunneldescribedinreference1 andut~lizeslikeinstrumentationand
techrdques.Thecapacityofthegust-tunnelequipmentnuwused is such
that&foot-spanmodelscanbe flawnup tospeedsof100milesenhour
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throughgustswithvelocitiesup to 20feetper
ofairsuppliedby theLsmgleygusttunnelis8
long and, at thepresent time,isscreenedwith

3

second.Thegustor set
feetwideand14 feet
specialwfr~esh

screeningto insurea reasonablelowlevel of turlmlence.

Testsoftheeweptback-wingmodelconsistedofnineflightsofthe
modelwithendeihtwithoutthefuselagethroughtheshsrmge gust

7showninfigure7 a). Testsoftheequivalentstratghkwingmodel
.

consistedof10flightsofthemodelthroughtheshar~dge gustshown
inffgure7(b). !!!hetestsw%reallmadefcma forwerdspeedof60miles
perhouranda gustvelocityofapwoxhately10feetpersecond.
Measurementsoftheforwardspeed,gustvelocity,normed+cceleration
increments,andpitcme incrementweremadeduringeachflight.

RESULTS

Recordsforallflightswereevaluatedto obtainhistoriesof
thenormel-accelerationincrementandpitch+mgleincrementduring

●

traverseofthegust. Representativehistoriesofresultsfortestsin
a sharp-edgegustofthesweptback+dngmodelwithemdwithoutfuselage

., andfortestsoftheequivalentstraight-wingmodelwithouta fuselage
ereshowninfigure8(a). Theresultsareplottedagainsttheposition
oftheairplanecenterof gra~ltyintermsofmeoaerodynemimhord
lengthsoftravelfbcmtheleadingedgeoftheLangleygust+tunneltest. ,. section.

Historiesofeventsfortheeweptback-whgmodelpenetratinga gust
witha gradientdistanceof9 chordswereobtainedbybuildingup by
superpositionthehistoriesobtainedinthesharp-edgegustunderthe
assumptionthattheehar~dge gustcouldhe consideredtobe a “uni+
~“ typegust. Thegradientdistanceof9 chordswasthemsxhumthat
couldbe obtained,stncethemethodislimitedby theextentofthe
originalhistories.Forthepunposeofdeterminingthemeximumvalueof
thebuilt+pcurves,thehistorieswereextrapolatedan extrachordlength.
Forcomrmrativemrnoses,thehistoriesofeventsinthesherpedgegust
fortheequivalentstraighbwingmodelwerealsobuiltup torepresent
theresponseofthemodelina gustof9-chordgradientdistance.Sample
historiesofresponsestoa gustwith-agradientdistanceof9 chordsere
showninfigure8(b) fortheequivalentstraigh%wingmcdelandforthe
sweptback+ingmodelwithand

Themaximumacceleration

withoutfuselage.

increments~. obtainedfromtestsofthe



4 NA.cATN NO. 1528

45°sweptbao~ingmqdelsInthes~e gustsuxlthoseobtainedfrcm
thebuildingup oftheresultsto represent the responsetoa gustof
9-chcmdgradientdistancearepresentedintableII. Sincethemodel
weightsweredifferent(tableI) andeachflightwasmadeat slightly
differentvaluesofforwardvelocity- gustvelocity,themaximum
accelerationIncrementswere all correctedto a modelweightof
9.25pounds,af orwardvelocityof60milesperhour,anda gust velocity
of10feetpersecondon the assumptionthat theyare inverselywo-
portfonalto the modelweightanddirectly proportionalto forwardspeed
andgustvelocity(reference1).

.

.

FRECISION

Themeasuredquantitiesareestimatedtobe accuratewithinthe
followingMtitsforanytestorrunt

Accelerationincrement,An,g units. . . . . . . . . . . . . . . .*0.Qj
Forwsrdvelocity,feetpersecond.. . . . . . . . . . . , . . . . *0.5
Gustvelocity,feetpersecond. . . . . . . . . . . . . . ... . . *0.1
Fitch-angleincrement,degrees. . . . . . . . . . . . . . . . . . *0.1

Inanygiven flight,smallVariationsinthela-thingspeedor
attitudeofthemodeltendtomcduceerrors in theacceleration

,
incre=t

whicherea functionofthepitchingmotionofthemodel.&most cases“
thetendencyisto introduceanupwardpitchingvelocity,whichmayrendn #
constantthroughoutthetraverse(reference2). Itisnot possibleat
presentto eliminatesucherrorsbymeansofcorrectionsto the data.
Considerationofallfactorsinvolved,however,indicatesthattheresults
fromrepeatflightsshouldhavea dispersioncfnotmoretham*O.05g for
a sharp-edgegust. Sfmtlarconsiderationsindicatethat the dirnpersion
shouldnotexceed*O.1g whenthe responsesto thesharpedgegustare \
builtup torepresenttheresponsestoa gustwitha gradientdistanceof
9 chads.

1

ANALYSIS

Calculationstopredicttheresponsesoftheequivalentstraigh-ing
modelandof the 45° sweptback-wingmodelwithoutfuselagetotheteet
gustweremadeunderthefoll~ingassumptions:

(1)Thepitchingmotionisneglected.

(2)Thew;ngsarerig~d.

(3)OnlytheloadIncrementonthewingisconsidered.
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Thefollowtngequation,derivedfromequation(1)ofreference2,
my thenbe consideredto detez%inetheaccelerationincrementofen
airplaneina gustat enypoint S12

where

&l

P

m

# v

s

w

8

h(s)
‘1

c

u

CL8(81-6)
.

accelerationIncrement=g units

massdensityofair,slugspercubtc

slopeofwi~lift curve,per radhn

forwerdvelocity,feetpersecond

foot

wingsrea,squarefeet

weightofmodel,pounds

distancepenetratedinto
leadingedgeofwing,

distancePenetratedinto

gustby foremostpointof
chords- .<
gustby foremostpointof

leadingedgeofwingatwhichaccelerationincrement
isto bedetermined,chords

historyofaccelerationincrementexpressedas a
functionof 8

wingchti length,feet

accelerationdueto @avity,feetpersecond2

gustTelocity,feetpersecond

unste~lift functionforanairfoilpenetratinga
sharpedgeguste~essed as a functionof 81- s

unsteadpliftfunctionfora suddenchangeofangleof
attackoverentirewingexpressedas a functionof
81-s
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FortheDurnoseofthisnamer,
liftcoefficientat anydistances
infinitedistancehasbeentraversed

CL and C% eretheratiosof the “
togtheliftcoefficientafteran
(steadyflow).

.

Inthesolutionfortheresponsetotheshar~dgegust,equation(1)
maybereducedas follows:

(2)

where CL (s) Istheunsteadyliftfunction

fa sharp-egegustex~esseda8a functionof

for anairfoilpenetrating

‘; I!’wl.l‘s‘he
valueofthefunotionat sl;and w ia successively, ini%eiteration
for solutionby thegraphicalmethodgiveninreferenoe3, the history
ofthevertical.velocitydeterminedfrcunthehfst~ of thefirstterm
ofequation(2)d thenfromthehistoriesof An untilconvergence.

In acc&dancewiththeresultsofpastanalyses,suchas in
references1 and2,unsteady-liftfunctionsfortwo-dimensionalflow
(infiniteaspectratio)wereusedandtheneglectoftheinfluenceof
thetipvorticeswasassumedtobeaccountedfarby theuseoftheslope
oftheliftcurveofthethree+imensionalwing. Inmakingthecalcu-
htione,theslopesofthewiq&lfft curve determinedbywind-tunnel
testswereusedforbothmodels.Inaddition,calculationsweremade
forthesweptback-wingmodelwiththeuseofa slopeoftheliftcurve
determinedby thesmelled “cosinelaw,”whichistheprocessof
multiplyingtheslopeoftheliftcurveoftheequivalentstraightwing
by thecosineoftheengleof sweep(reference4). Theunste~lift
functions

% d C% ~re deri
vedfromthefunctionsforinfinite

asnectratiogivenby Jonesinreference5,endthesefunctionswereused
inthecalculationsfortheequivalentstraightiingmodel.Inthe
calculationfortheeweptback+wingmcxiel,however,thefunction~

8
wasmodifiedby striptheorytotakeintoaccountthegradualpenetration
oftheeweptbackwinginto thegust. Thecurvesfor C~ ad CL”

6
modifiedandunmodifiedsregiven in figure 9.

Themaximumaccelerationincrementsdeterminedby equation(2)for
thesharp-edgegustandthosedeterminedby buildingup by superposition
forthegustof‘+chcmdgradientdistanceareincludedintable11for
bothslopesoftheliftcurveused.

Forcomparativepurposes,resultsofcdculationemadebythemethcd
ofreference6 for the shrpedge gusts@ forthegustswith9-ohord
@adientdiatanoesarealsoincludedin table II. Theslope of the lift

. .

.

.
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#

curve usedwaaderivedby thecosinelaw. ‘Theequationsofreference6
area solutionofequation(1)ofthepresentpaperusing an unmodified
curveof CL ; and,inthecaseof@adientgusts,theadditional‘“

R
assumptioni;tie thattheaccelerationincrementreachesa maximumvalue
atthesam+3tlm thegustreachesitsXMXlmmm.

DISCUSSION

Examinationofthetestresultsgiveninfigure8 showsthat
appreciablepitchingmotionispresentat thetimeofmsximmackeI*atlon
incrementforboththeshsrp-edgeandg-chor&&adIenHist=cegusts.
Inorderthatthecomparisonoftheexperimentaldatawiththecalculated
databevalld,theeffectofthepitchingmottonwasremovedi%omthe
experimentaldataof + shownin table 11.by use of anapproximate
ccmrection”suchthat

where ~=o represents~ reducedto zeropitchand M isthe
nitchincrementindegreesat thetimeof occurrenceof,+. This
approximatecorrectionfactorhasbeenshowntobe applicableinthe
urmublishedresultsof severalseriesoftestsmadeintheLangleygust
tunnel.Theresultantvaluesof A& reducedto zeropitcheregiven
intableII.

Whentheexperimentalresultsreduced.tozeropitchingmotionsre
comparedwiththecalculatedresultsintableII,goodagreementbetween “-
theseresultsisnotedtnthecaseoftheequivalentstraight-wing
model.Thecomparisonforthesweptback-wingmodelshowsthatthebest
agreementwithexperimentisobtainedwiththeresultscalculatedby the
nmthcdof thispaperby theuseofa lif&curveslopederivedby the
cosinelaw..Thegoodagreementbetweencalculatedendexperiment
resultsfortheequivalentstraigh+wingmodelind~catesthat,forthis
case,theslopesoftheliftcurveareaboutthesame~nboththesteedy-
flowandunsteady-flowor gustconditions.Forthesweptback-wingmode%
however,theslopeof theliftcurveintheunsteady-floworgustcondition
appesrstobe about20percenthigherthenthemeasuredslopeinsteady
flow. It isbelievedthatthisdifferencecenbe ascr~bedto thebehavior
oftheboundarylayerintheunsteady-flowcondition;but,at thepresent
time,sufficientevidenceto supportthis~@.se isnotavailable. ..

ThecomparisonintableII cftheresultsofthecalculationby
thepresentm+3thcd,whichusesthemodifiedcurveof CL offigure9,

-E
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withtheresultsofthecalculationsby themethcxlofreference6,
wh~,chusesa curveof C~ similertotheunmodifiedcurvein figure 9
(bothmethodsusinga Uf%e slopederivedby thocosinelaw),
indfcatesthattheeffectofthegradualpenetrationontheunsteady-
liftfunction~ shouldbe takenintoaccountina calculationfor
gustloadson sweptbackwings.Thereductionofareaunderthecurve
of %= caused-bythemodificationforthepenetrationeffectis,of

course;thereasonfor thelowervalueeofaccelerationincrementpre-
dictedby themethodgiven M thispaper.

Theeffectonthemaxhumaccelerationincrementof theaddition
ofthefuselageto thesweptbacl+wingmodelappeastobe negligible
whentheresultsexereducedto zeropitch(tubleII). It isprobable
thatthisconditionisdueto thefactthatwiththeparticularcon-
figurationused,thelengthof thefuselageisnota greatdealdifferent
i?romthedistancealongtheflightpathfrcmtheleadingedgeofthewing
centerlineto thetrailingedgeofthewingtip. Fora normalstraigh+
wingairplane,thechordlengthof thefuse-e isthreetofourtimes
thatofthewing;andtestswithandwithouta fuselagewouldprobably
showa differenceinmaximumaccelerationtncrement.

Thepitchingmotionofthetwomodelsisshowninfigure8 andthe
effectofthepitchingmotiononthemeaauredaccelerationincrements
isshownintableII. Forthe45°sweptbac-hg model,thepositive
pitchingmotionaccountsforabouta 10-percentincreasein acceleration
incrementaver theno-pitchmoticmwhenthesmalleffectsofthefuselage
onthepitchingmotionareignored.Onthesamebasis,thepositive
pitchingmotionof the equivalentstraight-wingmodelwouldaccountfor
abouta &percentincreaseinaccelerationincrementoverthen~pitch
condition.Ifit isassumedthattheequivalentstraigh-ng W the
swepl+wingmodelshavethesamestabilitycharacteristics,theeffeot
onthetotalacceleration Incrementoftheposftivepitchingmotionof
thesweptback-wingmodelappeerstobe some6 percentgreaterthanthe
similareffectfor theequivalentstraight+wingmodel.Sucha trend
might be expectedfrcma generalconsiderationoftheeffectof the
gradualimmersionofa sweptbackwingina gustas comparedwiththe
almostinstantaneousimmersionoftheentirespanofa stra@htwfng.
Althoughtherewereno comparableequivalent-straight-wingmdel tests
toprovidea basisfordeterminingrelativepitcheffects,unpublished
testsofa taillessmodelhavinga wingsweptback30°alsoshoweda
trendtowardpositivepitchingmotionandincreasedaccelerationincre-
ments.Onthebasisofthislim~tedinformation,then,itappeersthat
airplaneshavingpwentbackwingswillexhibita tendencytowardpositive
pitchingmotionuponentryintoa gust.

.

.

.

ThecomparisonintableIIoftheobservedaccelerationincrements
fortheequivalentstraight-wingad theswep=ingmodelsshowsa
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largereductioninaccelerationfncrementinthesamegustforthe
sweptback-wingmodel,whjchappeersto result fromthepenetration
effectonthecurveof Cr com%inedwiththereductionoftheslope

‘g
ofthewi~lift curveby therotationofthewingthroughtheangle
of sweep.Itappears,then,tkt enairplanewitha sweptbackwing
wouldhavea rmachloweracceleration~ncrementimposedon Itfro,m

—

penetrationofa gustthanwouldthesameairplanewfthan equivalent
straightwing.

CONCLUDY3?GREMARKS

Withinthelimitsofthedet.a,theexcellent
n~pitchconditionbetweenthetestresultsfora

agreementinthe
45°sweptback-wing

nmd~lendtheresultsofthecalculationby themethcdpr=sented–
indicatedthatthemsximumaccelerationincrementexperiencedina
gustby a swept%ack-wingairplanedependson:(1)theslopeofthe
liftcurveoftheequivalentstraight-wingmultipliedby thecosine ‘“” ““--
oftheengleof sweepratherthanonthe&teedy-flowslopeofthe
liftcurveand(2)theeffectofthe~aduelpenetrationofthegust
ontheunste~lift function.

Inaddition,theresultsofthetestsindkatedthatina gust
theacceleration~ncrementofanairplanewitha sweptwingwouldbe
rmachlessthsnthatforthesam airplanewithan q.quivalentstraight
wing=evenifthetrendtowardpositivepitchingmotionthatisindi-
catedforairplaneshexinglargeanglesof sweepbackisconeider”ed.

.

IangleyMemorialAeronauticalLaboratory
Nat~onalAdvisoryConmdtteeforAeronautic

LangleyField,Vs., October8, 1947 ,_
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!CABZEI

CHKRAC!lZRISTICS~ MODEMAHDTESTCONDITIONS

Sweptbacbwingmodel
Equivalent

without straigh+I
~yet&e wingmodelIfuselage .

Weight,W, lb....... . . . . . . 9.25s 9.7s 9.075.

Wingerea,S,eq ft.... . . . . . . 6.05 6.05 6.00

Wingloadi~,W/S,lb/sqft . . . . . . 1.53 1.61 1.64

Span,11,ft =...... . . . . . . . 4.25 4.25 6.00

Meanaerodynamicchordmeasuredin
planeparallelto planeof
symmetry,i5,ft..... ● 6... 1.4777 1.4777 1.037

Aepectratlo,b2/S . . . . . . . . . . 2.99 *.99. 6.00

Rootchord,c~,ft..... . . . . . 1.90 1.90 1.33

Tipchad,~, fi. . . . . . . ...” 0.95 0.95 0.67
;

Ta+rrat+, ct/c8 . . . . . . . . . . 0.5 0.5 0.5

Sweepangleofhelf+hordline,deg. . 45 45 0

Wingareainterceptedby fueelage,
percentgrosswingarea . . . . . . 0 15.8 0

Slopeof liftcyrvedeterminedby force
teste,perrafiian. . . . . . . . . 2.58 ---- 4.41

.
Slopeofliftcurvedeterminedoy

multlnlyinglift-oumeslopeof
equivalentstraightwingby cosine
of sweep-e, perradlen. . . . . 3.12 3.12 4.41

Cent~f-gravity noeition,percent7!. 32.45 32.45 31.25

Guetvelocity,U, fps. . . . . . . . . 10 10 10

Forwardvelocity,V* mph . . . . . . . 60 60 60

-—
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CC46FARISOHOFEmmmmAL A.uD12AIcrmm

MAXIMIMACCUZMTICW~

E3_perinkmtal Ezp3Mm9ntal+ Calculatedq w

Gradient
rOdUCed tO zero pitch presentmethcd

(g%s) (gunits) (gUnits)
Calculated~

‘K%%)
fromreference6

(gUnits)

Withalt with Without With Cosme+lawMOaellrea
fuselagefuselage fueelagefneelage sl~ stierlou

slope

Equitietis+raight+mgmodel

o 2.1.1 --- 2.03 --- 1.96 1.96 2.00

9 1.73 --- 1.67 --- 1.65 1.65 1.72

45°eweptbackwingmcdel

o 1.48 1.43 1.34 1.34 1.35 1.12 1.41

9“ 1.13 1.12 1.03 1.03 1.05 .87 1.22

--s=

. .
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Figurel.- Sweptback-wingmodelwithoutfuselage.
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Figure2.- Equivalentsh!aight-wingmodel.
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F/gure 3. – 45 ‘suveptbuckwfngmodel.
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Figure5.- Sweptback-whgmcdelwithfuselage.
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figure9- CurvesofC~gand C[dfopvx%vr%us~ec+mflo bmsu’on J&es’
uns7&7df-lif+7t,i..cjIons(refweme 5).
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